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Background: Despite well-documented immunomodulation by interferon c (IFNc), its role and mechanism of
regulation of matrix metalloproteinase 13 (MMP13) gene expression in human chondrocytes is unknown.
Objective: To investigate the ability and mechanism of IFNc to suppress interleukin 1 (IL1)-induced MMP13
expression in articular chondrocytes.
Methods: Human chondrocytes were treated with IFNc or IL1b alone or in combination. MMP13 mRNA was
analysed by semiquantitative reverse transcriptase-PCR. MMP13 protein, phospho-signal transducer and
activator of transcription 1 (STAT1) and p44/42 mitogen-activated protein kinase levels were measured by
western blotting. MMP13 promoter luciferase, cytomegalovirus cyclic AMP response element-binding protein
(CBP)/p300 plasmids and STAT1 small interfering RNA (siRNA) were transfected by the calcium phosphate
method. IFNc receptor was also neutralised. Activator protein (AP) 1 activity was monitored by the TransAM
transcription factor kit. STAT1-CBP/p300 interaction was studied by immunoprecipitation.
Results: IFNc potently suppressed IL1-induced expression of MMP13 and promoter activity. Blockade with
neutralising IFNc R1 antibody revealed that MMP13 inhibition by IFNc is mediated by the IFN receptor. IFNc-
stimulated activation of STAT1 was directly correlated with MMP13 suppression. Knockdown of the STAT1
gene by specific siRNA or its inhibition with fludarabine partially restored the IL1b induction of MMP13
expression and promoter activity. IFNc did not alter AP1 binding ability but promoted physical interaction of
STAT1 and CBP/p300 coactivator. p300 overexpression reversed IFNc inhibition of endogenous MMP13
mRNA expression and exogenous MMP13 promoter activity.
Conclusion: IFNc, through its receptor, activates STAT1, which binds with CBP/p300 coactivator, sequesters
it from the cell system, and thus inhibits transcriptional induction of the MMP13 gene in chondrocytes. IFNc
and its signalling pathways could be targeted therapeutically for diminishing IL1-induced cartilage
degradation by MMP13 in patients with arthritis.

S
ynovial fluid and cartilage of patients with rheumatoid
arthritis (RA) and osteoarthritis exhibit increased inter-
leukin 1 (IL1) levels, a major cytokine implicated in

arthritic inflammation and cartilage/bone destruction.1–3 IL1
induces matrix metalloproteinases (MMPs) and represses
extracellular matrix (ECM) genes in chondrocytes and thus
alters the physiology of joints.4 5 Blocking IL1 with specific
antibodies, and its actions by IL1 receptor antagonists reduces
cartilage/bone loss and invasion of cartilage by synovium in
animal models and in patients.6–8 Thus, inhibition of IL1 action
constitutes a valid treatment for arthritis.1 2

MMPs contribute to the physiological and pathological
remodelling of ECM either by direct cleavage or by liberating
or modifying ECM-regulatory growth factors and cytokines.9 10

MMP13 cleaves the major cartilage type II collagen most
efficiently.11 MMP13 levels are increased in cartilage and
synovium of patients with arthritis.12–14 MMP13 expression is
increased in ageing human chondrocytes and could contribute
to cartilage catabolism in osteoarthritis.15 Cartilage-specific
overexpression of human MMP13 in mice mimics arthritic
damage.16 MMP13 also preferentially cleaves fibromodulin at
its N-terminus.17 Thus, MMP13 is an important target for
developing cartilage-protective treatments.

Interferons (IFNs) have antiviral, antitumour and immuno-
modulatory activities.18 IFNs include type I (a, b), type II (c)
and IFNl.19 IFNc was considered pro-inflammatory owing to its
increase in the synovium of patients with RA.20 IFNc inhibits
aggrecan and biglycan synthesis and reduces chondrocyte
proliferation.21 22 Here, we tested the hypothesis that IFNc
could antagonise IL1-inducible MMP13 gene expression and

investigated the mechanisms of such regulation in human
articular chondrocytes. We show for the first time that IFNc
potently suppresses IL1b-induced expression of MMP13 and
promoter activity in chondrocytes through the specific receptor
1, activated STAT1 and its interaction with cyclic AMP response
element-binding protein (CBP)/p300.

MATERIALS AND METHODS
Chondrocytes and treatments
Normal human knee chondrocytes (Cambrex, Walkerville,
Maryland, USA) were grown at high density in differentiation
Bullekit medium where they maintain differentiated phenotype
by expressing type II collagen until passage 3, as examined by
northern blotting. Chondrocytes were grown in six-well plates
in Dulbecco’s modified Eagle’s medium (Invitrogen,
Burlington, Canada) with 10% fetal calf serum, washed with
phosphate-buffered saline (PBS), kept in serum-free Dulbecco’s
modified Eagle’s medium for 24 h and exposed to IFNc (300 U/
ml) and IL1b (10 ng/ml; R&D Systems, Minneapolis,
Minnesota, USA), alone or in combination for 24 h. In some
experiments, chondrocytes were pretreated with Fludarabine
(Sigma) in N,N-dimethyl formamide.

Abbreviations: AP, activator protein; CBP, cyclic AMP response element-
binding protein; CMV, cytomegalovirus; ECM, extracellular matrix;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; HRP, horseradish
peroxidase; IFNc, interferon c; MMP13, matrix metalloproteinase 13; PBS,
phosphate-buffered saline; RA, rheumatoid arthritis; RT, reverse
transcriptase; siRNA, small interfering RNA; STAT1, signal transducer and
activator of transcription 1
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Reverse transcriptase-PCR
MMP13 and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA levels were analysed by reverse transcriptase
-PCR with MMP13 specific primers23 as described previously12

yielding 491 and 226 bp cDNA bands.

Western blotting
Cells were lysed and centrifuged at 14 000 rpm for 10 min, and
20 mg of supernatant protein (Bio-Rad Protein Assay) was
resolved by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membrane by
electroblotting. Membranes were blocked with 5% non-fat milk
in PBS, incubated with the primary antibodies diluted in 5%
milk or bovine serum albumin overnight at 4 C̊. Antibodies
against phospho-STAT1-tyr-701, P-STAT1-ser-727, total STAT1
and p44/42 (Cell Signalling Technology Inc, Danvers,
Massachusetts, USA) were used at 1:1000 dilutions. The blots
were washed four times with Tris-buffered saline and incubated
for 2 h with horseradish peroxidase (HRP)-conjugated second-
ary antibody. Immunoreactive bands were developed

with enhanced chemiluminescent substrate (Amersham,
Biosciences, Piscataway, New Jersey, USA) and visualised.

For MMP13 blots, supernatant proteins were precipitated
with cold 10% trichloroacetic acid and dissolved in 0.1 M
NaOH. Sample-loading buffer was added and boiled for 5 min,
and proteins were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis. Antibody against MMP13
(Sigma) was used at 1:500 dilution.

Plasmids, siRNA, transfections and luciferase assay
Chondrocytes were transfected with different vectors or siRNA
by the calcium phosphate method for adherent cells in
suspension as follows. Cells were detached by trypsinisation
and the suspension was incubated with control and STAT1
siRNA (100 nM; Cell Signalling). Calcium phosphate was
precipitated for 10 min and plated in a serum-containing
medium without antibiotics for 3 h. Cells were washed with
PBS, allowed to recover for 30 h, maintained in serum-free
medium for 16 h and stimulated with IFNc and IL1 for 24 h.
An equal amount (20 mg) of protein was analysed for STAT1
levels. In some experiments, 4 mg of MMP13 promoter
luciferase (21000 to +71 region; p1000-LUC), cytomegalovirus
(CMV)–Renilla luciferase (4 mg, transfection control) and
STAT1 siRNA (100 nM) were cotransfected and after recovery,
treated with IFNc and IL1, and luciferase activity measured
with Promega Dual-Luciferase Reporter Assay System (Promega
Corporation, Madison, Wisconsin, USA) and Turner Designs
Luminometer TD-20/20 (Turner Designs, Sunnyvale, California,
USA). Similarly, p300/CBP wild-type cDNA-expressing pCMVb
vectors (Upstate USA Inc, Charlottesville, Virginia, USA) were
transfected alone or with MMP13 LUC vector.

Neutralisation of IFNc receptor with antibody
Chondrocytes in serum-free medium were incubated with IFNc
R1 monoclonal antibody and control-matched isotype (mouse
IgG1; R&D Systems) at 2 mg/ml for 1 h and then treated with
IL1b or IFNc. Alternatively, IFNc was added 5 min before IL1b
treatment for 24 h. Cells and media were analysed for MMP13
mRNA and protein, respectively. STAT1 protein was measured
after 15 min of stimulation with IFNc.

AP1 binding assay
For nuclear proteins, chondrocytes were resuspended in 1 ml of
hypotonic buffer (20 mM HEPES, pH 7.5, 1.5 mM MgCl2,
20 mM KCl, 5 mM NaF, 0.2 mM EDTA, 0.5 mM dithiothreitol)
for 20 min, centrifuged at 1200 rpm for 5 min and resuspended
in hypotonic buffer containing 0.1% NP-40. Cells were
incubated on ice for 10 min, vortexed and centrifuged at
10 000 rpm for 10 min. Pellets were resuspended in 50 ml of
Active Motif lysis buffer. After 30 min incubation on ice,
samples were centrifuged and proteins measured. AP1 con-
sensus nucleotide-binding activity from nuclear extracts
(10 mg) was measured with TransAM AP1 family (Active
Motif, Carlsbad, California, USA) colorimetric system as
recommended. Nuclear extract was added to the immobilised
oligonucleotides, followed by primary transcription factor
antibody, secondary HRP-conjugated antibody and HRP sub-
strate, and colorimetric values measured at 450 nm were
plotted.

Immunoprecipitation
Cells were washed and harvested in lysis buffer with 10 ml/ml
proteases inhibitors cocktail (Sigma), kept on ice for 30 min
and then vortexed. Lysates were centrifuged at 14 000 rpm for
10 min and protein concentration in supernatants measured by
Bio-Rad kit and adjusted at 1 mg/ml with ice-cold PBS. Total
protein (1 mg) was cleared by incubating for 10 min with 50 ml

Figure 1 Inhibition of interleukin (IL) 1b-induced matrix metalloproteinase
13 (MMP13) expression and promoter activity by interferon c (IFNc). (A)
Human chondrocytes in serum-free medium were treated with vehicles only
(0.1% bovine serum albumin; control) or exposed to IL1b/IFNc for 24 h.
MMP13 (upper panel) and glyceraldehyde-3-phosphate dehydrogenase
(lower panel) mRNA was analysed by reverse transcriptase-PCR. (B)
MMP13 protein levels were determined by western blotting. (C)
Chondrocytes were cotransfected with MMP13 promoter luciferase and
Renilla luciferase vectors (4 mg). Following the recovery and indicated
treatments in serum-deficient medium, luciferase activity was measured in
extracts and normalised with Renilla luciferase internal control. The values
are mean (SD) of three separate experiments.
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of 50% bead slurry of protein A (Amersham) on a shaker. After
centrifugation, supernatants were transferred to new pre-
chilled tubes. Primary antibody was added and incubated
overnight with gentle shaking. Mouse or rabbit IgG was used as
isotype-matched antibody control. After incubation, protein A
agarose beads (50 ml of 50% bead slurry) were added and
incubated for 2 h on a shaker at 4 C̊. Tubes were centrifuged at
3000 rpm for 5 min. Beads with immunoprecipitated (IP)
protein were washed with ice-cold 16radioimmunoprecipita-
tion assay buffer. Bead pellets were resuspended in 26 sodium
dodecyl sulphate loading buffer, vortexed, heated at 95 C̊ for
5 min and supernatants analysed by western blotting.

All experiments were performed at least three times, and the
reported results were reproducible.

RESULTS
IFNc inhibits IL1-stimulated expression of MMP13 and
promoter activity
MMPs are critical modulators of cartilage degradation in
arthritis. We studied the previously unexplored impact of
IFNc on IL1-induced MMP13 expression in human articular
chondrocytes. Serum-free medium and IFNc alone had no
impact on MMP13 mRNA expression. As reported previously,24

IL1b potently induced MMP13 mRNA and protein expression
within 24 h. IFNc completely suppressed MMP13 mRNA
induction without affecting the constitutive GAPDH mRNA
expression (fig 1A). Western blotting of media showed
comparable MMP13 protein inhibition (fig 1B). To investigate
the mechanism of IFNc-mediated MMP13 suppression, chon-
drocytes were transfected with human MMP13 promoter
(21000 to +71)-driven luciferase reporter plasmid.25 IL1b-
induced MMP13 promoter activity was completely abolished
in IFNc-treated cells (fig 1C). Thus, IL1b-inducible MMP13
expression can be completely suppressed by IFNc at the levels
of promoter, mRNA and protein expression.

Anti-IFNcR1 neutralising antibody reverses the IFNc-
mediated suppression of MMP13
IFNc exerts its effects by binding with IFNcR1, which is
increased in rheumatoid synovium20 and is present in human
chondrocytes (unpublished results). We investigated the role of
IFNcR1 in the inhibition of MMP13 by blocking it with receptor
antibody. Control mouse IgG1 isotype did not affect IFNc-
mediated inhibition. However, IFNcR1 antibody blockade fully
restored the IL1b-induced upregulation of MMP13 mRNA
(fig 2A) and protein (fig 2B) in the presence of IFNc. To
examine whether the neutralising antibody affected IFNc
signal transduction, we measured signal transducer and
activator of transcription (STAT1) phosphorylation, a well-
documented IFN-induced response.18 IFNcR1 antibody treat-
ment blocked IFNc-stimulated STAT1 tyrosine phosphorylation
and serine phosphorylation compared with the cells treated
with control antibody. The total STAT1 levels were not affected
by the treatments (fig 2C). Thus, interaction between IFNc and
IFNcR1 is essential for IFNc-driven inhibition of MMP13.

IFNc-stimulated phosphorylation of STAT1 is directly
associated with MMP13 inhibition
STAT1 is activated on binding of IFNc to its receptor.18 19 To
examine whether IFNc-activated STAT1 affected MMP13
expression, chondrocytes were incubated with IFNc for
different time periods. The maximal level of tyrosine-phos-
phorylated STAT1 was detected within 5 min, was maintained
at high level for at least 2 h and started to decline by 4 h,
returning to the basal level within 24 h (fig 3A). A similar time
course was observed with STAT1 serine phosphorylation, which
increased at 30 min instead of at 5 min (fig 3A).
Phosphorylation at specific tyrosine and serine residues is
needed for full STAT1-mediated transcriptional activity.19 IL1b
did not induce STAT1 phosphorylation, and total STAT1 levels
remained constant (fig 3A). To examine whether IFNc-
activated STAT1 directly affects the IL1-induced MMP13
expression, chondrocytes were pretreated with IFNc for 5 min
to 24 h, followed by additional stimulation with IL1b for 24 h.
IL1b maximally induced MMP13 expression in 24 h (fig 3B,
lane 2) and this induction remained similar at 48 h (fig 3B, last
lane). Interestingly, during the 2 h of maximal STAT1
phosphorylation (fig 3A), IFNc completely inhibited IL1-
induced MMP13 expression (fig 3B). Conversely, during the
4–24 h of minimal STAT1 phosphorylation (fig 3A), suppres-
sion of MMP13 mRNA and protein expression could be partially
reversed (fig 3B). Thus, there was a significant direct

Figure 2 Blockade of interferon c (IFNc)-mediated inhibition of matrix
metalloproteinase 13 (MMP13) by anti-IFNc receptor 1 antibody.
Chondrocytes were incubated with IFNcR1 monoclonal antibody and
control-matched isotype (mouse IgG1) at 2 mg/ml for 1 h. Cells were
treated as indicated. (A) MMP13 mRNA and (B) protein was determined.
(C) Chondrocytes incubated with neutralising antibody for IFN-cR1 (NAb)
and mouse IgG1 for 1 h were subjected to different treatments for 5 min
and harvested. Western blots showing complete elimination of signal
transducer and activator of transcription (STAT)-1 tyrosine (tyr) and serine
(ser) phosphorylation by NAb are depicted. Lower panel shows STAT1 blot
as loading control.
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correlation between STAT1 phosphorylation status and inhibi-
tion of MMP13 (fig 3C). The IL1b and IFNc combination did
not affect the IFNc-stimulated ser/tyr phosphorylation of
STAT1 (fig 3D). These results provide strong evidence that
IFNc-stimulated STAT1 phosphorylation is closely associated
with the suppression of MMP13 expression.

STAT1 knockdown reverses inhibition of MMP13
expression and promoter activity by IFNc
Owing to the observed association of STAT1 with MMP13
suppression, we investigated whether genetic and pharmaco-
logical modulation of STAT1 affected MMP13 expression.
Transfection of chondrocytes with STAT1-specific siRNA down
regulated the endogenous STAT1 levels by 70% (determined by
densitometry), whereas an equivalent amount of control siRNA
had no effect. Additionally, the p42/44 mitogen-activated
protein kinase levels were not affected (fig 4A). STAT1-specific
siRNA significantly restored IL1-mediated stimulation of
MMP13 mRNA and protein, whereas control siRNA did not
reverse the inhibition by IFNc. The control GAPDH expression
was not affected (fig 4B). To further confirm the involvement of
STAT1, we analysed luciferase activity in chondrocytes cotrans-
fected with STAT1 and control siRNAs, MMP13 promoter-
luciferase reporter plasmid and CMV–Renilla luciferase expres-
sion vector. STAT1-specific siRNA significantly reversed the
IFNc-mediated inhibition of MMP13 promoter-driven lucifer-
ase activity, but STAT1-negative control siRNA did not (fig 4C).
Thus, STAT1 plays a major role in the IFNc inhibition of
MMP13 expression and promoter activity.

Fludarabine is a specific pharmacological inhibitor of
cytokine-induced activation of STAT1 that does not affect other
STATs.26 To investigate whether IFNc signal transduction and
STAT1 activation could be interrupted, we incubated the cells
with or without fludarabine for 6 and 24 h before treatment
with IFNc. The drug significantly reduced IFNc-induced
tyrosine/serine phosphorylation and total STAT1 levels.
Fludarabine did not affect total p42/44 mitogen-activated
protein kinase levels (fig 4D). To further confirm the involve-
ment of STAT1 in MMP13 down regulation, we analysed the
IFNc-mediated inhibition of MMP13 in chondrocytes that

underwent fludarabine-driven inhibition of STAT1.
Fludarabine treatment blocked IFNc-mediated suppression of
MMP13 by restoring its mRNA and protein expression (fig 4E).

IFNc-stimulated phosphorylation of STAT1 does not
alter AP1 binding ability but recruits CBP/p300
Human MMP13 gene contains AP1 and Ets1 transcription
factor-binding motifs in its promoter.25 As IL1 induces MMP13
gene in chondrocytes through the activation of AP1,27 we
determined whether IFNc inhibited the IL1b-activated AP1-
binding ability. Nuclear extracts were analysed by AP1-binding
assay. IFNc did not block the binding activity of c-Fos and
c-Jun components of AP1, but rather increased c-Fos binding
(fig 5A). This suggested that IFNc did not mediate MMP13
inhibition through AP1.

CBP and p300 are critical transcriptional coactivators, which
control many cellular functions through interactions with
transcription factor IIB, RNA polymerase II and regulatory
transcription factors.28 29 To determine whether STAT1 physi-
cally interacts with p300, chondrocytes were subjected to
different treatments for 30 min and cell extracts immunopre-
cipitated with p300/CBP antibody and complexes assessed by
western blotting with anti-tyrosine-phospho STAT1. Tyrosine-
phosphorylated STAT1 was detected in the IFNc-treated lysates
and not in IL1-stimulated cells, thus demonstrating CBP/p300-
STAT1 interaction. The levels of CBP/p300 were constant
(fig 5B). By contrast, no interaction between serine-phosphory-
lated STAT1 and CBP/p300 was observed (results not shown).
To further confirm this interaction, the cell extracts were first
immunoprecipitated with STAT1 antibody followed by detec-
tion with CBP/p300 antibody by western blotting. CBP/p300
was detected in IFNc-treated chondrocyte lysates, reaffirming
the STAT1–CBP/p300 interaction. The levels of total STAT1 in
the extracts remained unchanged (fig 5C).

P300 overexpression reverses IFNc inhibition of MMP13
expression and promoter
To further explore the role of CBP/p300 coactivators in MMP13
suppression, p300 was overexpressed under the control of CMV
promoter by transfection (fig 6A), which reversed the IFNc

Figure 3 Correlation of interferon c (IFNc)-
stimulated signal transducer and activator of
transcription (STAT)1 phosphorylation with
suppression of matrix metalloproteinase 13
(MMP13). (A) Chondrocytes were subjected
to the indicated treatments with vehicle
(control), interleukin (IL) 1 or IFNc and
extracts analysed for STAT1 tyrosine (tyr)-
701, serine (ser)-727 phosphorylation and
total STAT1. (B) Chondrocytes were
pretreated with IFNc for the indicated time
points before additional stimulation with IL1b
for 24 h. MMP13 mRNA and protein levels
are shown. (C) Densitometric values of
MMP13 reverse transcriptase-PCR products
in (B) and STAT1 phosphorylation in (A)
quantified by NIH ImageJ 1.32j (National
Institutes of Health, USA) software in
arbitrary units were plotted against each
other to depict the correlation between the
two. (D) Western blots show that IL1b does
not affect the IFNc-mediated activation (tyr/
ser) of STAT1 in combined treatment.
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suppression of endogenous MMP13 mRNA (fig 6B, lane 8) and
MMP13 promoter activity (fig 6D). CBP overexpression
reversed the suppression to a much lesser extent (fig 6C, lane
8) or minimally (fig 6D).

DISCUSSION
IL1 is a key pro-inflammatory stimulus for degradation of
cartilage-specific type II collagen by MMP13 in patients with
arthritis. We have shown that induction of MMP13 expression
by IL1 can be potently inhibited at all levels by IFNc in cartilage
cells. With multiple approaches such as receptor neutralisation,
RNA interference, pharmacological inhibition, protein–protein

interaction and CBP/p300 cotransfection, we demonstrated
the pivotal role of STAT1 phosphorylation and CBP/p300
coactivator in the suppression. Similar suppression of MMP13
promoter, mRNA and protein by IFNc suggests inhibition
primarily at the level of transcription. Few studies to date have
investigated the modulation of MMPs by IFNc in chondrocytes.
It has been shown that IFNc inhibited induction of MMP-3 and
MMP-1 by IL1 in human chondrocytes,30 31 but implicated
mechanisms were not investigated. The previously unknown
suppression of MMP13 by IFNc in chondrocytes suggests a
cartilage-protective role in arthritis.

Coordinate reversal of MMP13 mRNA and protein suppres-
sion by neutralising antibody strongly support the requirement

Figure 4 Reversal of interferon c (IFNc)-mediated matrix metalloproteinase 13 (MMP13) suppression by signal transducer and activator of transcription
(STAT)-1 knockdown. (A) Cells were either mock transfected (control) or transfected with negative control and STAT1-specific small interfering RNA (siRNA),
incubated for 48 h and lysates subjected to western blotting with STAT1 and p44/42 mitogen-activated protein kinase (MAPK) antibodies. (B) Chondrocytes
transfected with STAT1 or control siRNA were analysed for MMP13 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene expression by reverse
transcriptase -PCR and MMP13 protein. (C) Chondrocytes were cotransfected with control or STAT1 siRNA, along with MMP13 promoter-luciferase vector.
Luciferase activity from cell lysates is depicted as bar graphs. (D) Chondrocytes were pretreated with fludarabine (15 mM) for 6 and 24 h, treated with IFNc
for 15 min and cell lysates used for STAT1 tyrosine (tyr)/serine (ser) phosphporylation or total STAT1 and p44/42 MAPK analysis. (E) Cells pretreated with
fludarabine were incubated with IFNc and ILb for 24 h and MMP13 and GAPDH mRNA and MMP13 protein analysed.
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Figure 5 Analysis of activator protein (AP)
1 binding activity and phospho-signal
transducer and activator of transcription
(STAT) 1-cyclic AMP response element-
binding protein (CBP)/p300 interaction in
response to interleukin (IL) 1b and interferon
c (IFNc). (A) Chondrocytes were either
treated with vehicles (control) or exposed to
IL1b and IFNc as shown, nuclear extracts
were analysed by Active Motif AP1 c-Jun
(upper panel) and c-Fos (lower panel) ELISA
and values measured at 450 nm were
plotted. (B) Proteins from treated
chondrocytes were first immunoprecipitated
(IP) with CBP/p300 antibody and then
analysed by western blotting with anti-
phospho-STAT1 antibody (upper panel). The
protein from the first immunoprecipitation
was also analysed by western blotting with
CBP/p300 as loading control (lower panel).
(C) Cellular extracts from (B) were first IP with
STAT1 and then analysed by western blotting
with anti-CBP/p300. The protein from the
first immunoprecipitation was also analysed
by western blotting with STAT1 as loading
control. Tyr, tyrosine.

Figure 6 Impact of p300 and cyclic AMP
response element-binding protein (CBP)
overexpression on matrix metalloproteinase
13 (MMP13) mRNA and promoter activity.
(A) Chondrocytes were either not transfected
or transfected with pCMVb or
cytomegalovirus (CMV)-p300 vectors (2 mg
each), and total cellular protein (40 mg) was
analysed after 48 h by western blotting for
p300 and b actin levels. (B,C) Chondrocytes
transfected with p300 or CBP expression
vectors (2 mg) for 48 h were further treated
for 24 h as indicated and MMP13 and
glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNAs were
analysed by reverse transcriptase-PCR. (D)
Chondrocytes were cotransfected with
MMP13 luciferase promoter (4 mg), Renilla
luciferase (4 mg) vectors and pCMVb or
pCMVb-p300 or pCMVb-CBP (2 mg each)
and luciferase activity was measured. The
values are mean (SD) of three separate
experiments. IFN, interferon; IL, interleukin.
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of IFNcR1 in IFNc signal transduction including tyrosine/serine
phosphorylation and downstream responses. Lack of inhibition
of tyrosine/serine phosphorylation by the control antibody and
clear inhibition by the IFNcR1 antibody demonstrates the
specificity of the neutralising antibody response. Interestingly,
these experiments also demonstrate the previously unknown
expression of IFNcR1 on chondrocytes. Besides tyrosine-701,
serine-727 phosphorylation in the transcription activation
domain was also observed, which leads to maximal transcrip-
tional activity of STAT1.32 Thus, IFNc, its receptor, subsequent
signal transduction pathways and their target genes may
constitute an endogenous defence mechanism against proar-
thritic agents. Owing to altered metabolism in arthritic
cartilage, such a mechanism may be impaired. The protective
role is supported by the observation that IFNcRa knockout
mice developed accelerated susceptibility to collagen-induced
arthritis.33

As STAT1 phosphorylation has been involved in both
activation and repression of target genes, time-course studies
in chondrocytes revealed a strong correlation of STAT1 tyrosine/
serine phosphorylation with suppression of MMP13 mRNA and
protein expression. Additionally, the reversal of MMP13
suppression by STAT1 siRNA and by fludarabine strongly
support STAT1 as the major mediator of IFNc-driven inhibition
of MMP13 promoter activity and expression. Interestingly,
STAT1 also mediated IFNc suppression of type II collagen gene
in a chondrocyte cell line34 and IL1-induced responses in
macrophages.35 STAT1 is persistently phosphorylated at
tyrosine-701 and serine-727 in the synovial fluid and synovio-
cytes of patients with RA,36 37 which may be a failed defensive
attempt to suppress cartilage-degrading MMPs. STAT1 has both
pathogenic and protective roles in arthritis.38

IFNc did not directly affect the DNA-binding activity of AP1
transcription factor complex. AP1-dependent gene expression
requires ubiquitous coactivators, CBP/p300.28 39 In most cells,
CBP/p300 availability is the rate-limiting step for STAT1 and
AP1 transcription factor-mediated gene expression. In response
to IFNc and IL1b cotreatment, STAT1 and AP1 could compete
for limiting amounts of p300 to achieve transcriptional
activation. When IFNc treatment increases STAT1 affinity and
binding to p300, AP1 still displays DNA-binding activity but
lacks transcriptional activation. Thus, IFNc-mediated inhibition
of MMP13 and promoter activity can be explained by such a
mechanism. Significant reversal of MMP13 mRNA and
promoter suppression by p300 transfection compared with
minimal inhibition by CBP suggests a dominant and distinct
role of p300 relative to CBP.

The role of IFNc in animal models of RA is contradictory.
IFNc receptor-deficient mice have decreased40 or increased33 41

incidences of arthritis. However, our results support a protective
role for IFNc against arthritis. This view is reinforced by a
report where IL1-induced inflammatory mediators in macro-
phages, MMP-1, MMP-3 and MMP-9 expression, tissue
invasion of macrophages and bovine cartilage destruction
was suppressed by type I and type II (IFNc) IFNs, suggesting
their homeostatic role in arthritis.35 IFNc also decreased IL1-
stimulated glycosaminoglycan release, possibly by MMP-3,
from cartilage explants.42 These studies, however, did not
investigate MMP13 regulation in chondrocytes, the major
enzyme responsible for tissue destruction in arthritis. Besides
suppression of MMP13 and cartilage degradation,43 IFNc could
also protect cartilage integrity by the reported inhibition of
CD95-induced apoptotic death in human chondrocytes.44 In
summary, IFNc potently suppresses the induction of major
cartilage collagen-degrading enzyme through IFNR1, STAT1
and recruitment of limiting CBP/p300 (predominantly p300)
coactivator. Thus, the therapeutic potential of IFNc and

possibly other interferons45 46 for blocking cartilage-destructive
effects of IL1 should be explored further.
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